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Introduction 
Food, water, and a breathable atmosphere are three elements fundamental to human 
survival. Expendable supplies of these elements may be camed onboard spacecraft for 
brief spaceflights; for permanent missions in low Earth orbit, they may be resupplied from 
Earth, though only at high cost. Missions to more distant places, such as the moon, Mars 
and beyond, however, will require regeneration of food, air, and water. An autonomous 
bioregenerative life support system that continually recycles the solid, liquid, and gaseous 
materials essential for human life is the goal of NASA's Controlled Ecological Life Support 
System (CELSS) Program. 
NASA has conducted research in various aspects of closed regenerative life support 
systems since the 1960s. In 1979, the CELSS Program was established in the Life 
Sciences Division, located within NASA's Office of Space Science and Applications, to 
encompass Life Sciences' CELSS efforts in one program. CELSS research and 
technology development is currently being performed in a broad range of areas, including 
food production, nutritional requirements, waste management, and systems management 
and control. 
Food Production. This subject area includes determining the optimal plant species 
(both higher and lower plants) that will provide a large percentage of edible plant biomass, 
maximum yield, and maximum nutrient value, while using a minimum of space and power. 
Another aspect of Food Production includes controlling the system's environment, i.e., 
examining and regulating such factors as temperature, airflow, humidity, C02 level, and 
illumination to provide for optimal growth and production. Researchers also explore 
methods to convert inedible biomass to food. 
Nutritional Requirements, This area involves analyzing human nutritional requirements 
on Earth and in microgravity and determining which crop species under consideration for a 
CELSS will meet these requirements. 
Waste Management Research in this subject area examines the control of C 0 2 ,  02, 
and trace gas contaminants; atmospheric regeneration; water purification for spent nutrients 
and condensate; and recycling the constituents of solid and liquid human waste and 
nonedible biomass. 
Syste ms Ma nwment  and Co ntrol. This area examines the integration, monitoring, 
control, and stability of whole CELSS systems. This includes modelling and design of 
systems within sealed chambers that provide for atmospheric regeneration, food production 
and processing, and waste management, thus testing the research results obtained in the 
other research areas. 
The purpose of compiling this bibliography is to provide the scientific community with 
a list of publications resulting from CELSS-related research, from its official beginnings in 
1979 through mid-1989. Certain papers published prior to 1979 that involve background 
research leading to the development of the CELSS Program are also included. It is 
anticipated that the bibliography will stimulate the exchange of information and ideas 
between scientists working in different areas of the program and in the field of 
bioregenerative life support in general. 
1 
The arrangement of citations in this bibliography follows the four divisions of 
research outlined above. Publications are listed alphabetically by author within the research 
area with which they are most closely associated. Authors conducting research under the 
auspices of the CELSS Program have been identified with an asterisk. 
The assistance of the CELSS Principal Investigators in providing lists of their 
publications and the technical assistance of Rodney P. Johnson are gratefully 
acknowledged. 
Maurice M. Averner, Ph.D. 
NASA CELSS Program Manager 
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FOOD PRODUCTION: Higher Plants 
I 
Akers, C.P.; Akers, S.W.; Mitchell*, C.A. 
The Minitron System for growth of small plants under controlled environment conditions. 
Journal of the American Society for Horticultural Science 1 lO(3): 353-357, 1985. (GWU 6873) 
Akhavan-Kharazian, M.; Campbell, W.F.; Bugbee, B. (Salisbury, F.B. = P.I.) 
Calcium amelioration of NaCl effects on leaf expansion, photosynthesis, and transpiration in Phaseolus 
vulgaris L. (Abstract). 
HortScience 22(5): 1087, 1987. (GWU 11 140) 
Aslam, M.; Harbit, K.B.; Huffaker*, R.C. 
Comparative effect of selenite and selenate on nitrate assimilation in barley seedlings (Abstract). 
Plant Physiology 86(4, Suppl.): 58, 1988. (GWU 11 155) 
Aslam, M.; Huffaker*, R. 
Effects of various forms of nitrogen nutrition on the development of nitrate and nitrite reductase activities in 
Glycine m (L.) Merr (Abstract). 
Plant Physiology 75(1, Suppl.): 119, 1984. (GWU 5756) 
Aslam, M.; Huffaker*, R. 
In vivo nitrate reduction in roots and shoots of barley Hordeum vulgure L. seedlings in light and darkness. 
Plant Physiology 70(4): 1009-1013, 1982. 
Aslam, M.; Huffaker*, R.C. 
Effects of sugars on in vivo nitrate reduction in barley leaves in light and darkness under aerobic conditions 
(Abstract). 
Plant Physiology 72(1, Suppl.): 129, 1983. (GWU 4487) 
Aslam, M.; Huffaker*, R.C. 
Role of nitrate and nitrite in the induction of nitrite reductase in leaves of barley seedlings. 
Plant Physiology 91: 1152-1156, 1989. (GWU 10971) 
Aslam, M.; Huffaker*, R.C. 
Role of nitrate and nitrite in the induction of nitrite reductase in barley leaves (Abstract). 
Plant Physiology 83(4, Suppl.): 51, 1987. (GWU 11 154) 
Aslam, M.; Huffaker*, R.C. 
Role of nitrite in the induction of nitrate reductase activity in barley leaves (Abstract). 
Plant Physiology 80(4, Suppl.): 41, 1986. (GWU 8827) 
Aslam, M.; Rosichan, J.L.; Huffaker*, R.C. 
Comparative induction of nitrate reductase by nitrate and nitrite in barley leaves. 
Plant Physiology 83: 579-584.1987. (GWU 11016) 
Aslam, M.; Rosichan, J.L.; Huffaker*, R.C. 
Induction of nitrate and nitrite reductase activities by NO3- and NO2- in barley leaves (Abstract). 
Plant Physiology 77(4, Suppl.): 45, 1985. (GWU 10242) 
Aslam, M.; Ward, M.R.; Huffaker*, R.C.; Rains, D.W. 
Early effects of salinity on nitrate and ammonium assimilation in barley seedlings (Abstract). 
Plant Physiology 75(1, Suppl.): 65, 1984. (GWU 5827) 
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Barta, DJ.  (Tibbitts, T.W. = P.I.) 
Characteristics of high intensity discharge lamps (Abstract). 
HortScience 17(3): 493, 1982. (GWU 6270) 
Barta, D.J.; Tibbitts*, T.W. 
Diurnal fluctuations in calcium and magnesium concentration of lettuce leaves (Abstract). 
Plant Physiology 77(4): 164,1985. (GWU 9402) 
Barta, D.J.; Tibbitts*, T.W. 
Effects of artificial enclosure of young lettuce leaves on tipburn incidence and leaf calcium concentration. 
Journal ofAmerican Horticultural Science 11 1: 413416,1986. (GWU 11 135) 
Barta, D.J.; Tibbitts*, T.W. 
Electron probe x-ray analysis of mineral concentrations across leaves deficient in calcium (Abstract). 
Journal of Plant Nutrition 10: 1935-1936, 1987. 
Barta, D.J.; Tibbitts*, T.W. 
Enclosure of young lettuce leaves: Effects of tipburn incidence and leaf calcium and magnesium 
concentration (Abstract). 
HortScience 19(3): 582-583,1984. (GWU 6268) 
Barta, D.J.; Tibbitts*, T.W. 
Mineral localization in young enlarging leaves of lettuce: Implications for tipburn development (Abstract). 
HortScience 21(3): 728, 1986. (GWU 11149) 
Barta, D.J.; Tibbitts*, T.W. 
Use of electron microprobe x-ray analysis for determination of low calcium concentrations across leaf tissue 
(Abstract). 
HortScience 20(3): 555,1985. (GWU 11160) 
Barta, D.J.; Tibbitts", T.W. 
Use of the wavelengthdispersive microprobe for determination of low calcium levels in plant tissues. 
In: Proceedings of the Second International Symposium on Genetic Aspects of Mineral Nutrition, 
Madison, WI, June 16-20, 1985, 1 p. 
Bennett, S.M.; Corey, B.R.; Bula, R.J.; Tibbitts*, T.W. 
Potential use of ion exchange materials in controlling nutrient balance of a recirculating solution for use in 
a CELSS (Abstract). 
ASGSB Bulletin 2: 38, 1989. (GWU 10427) 
Bennett, S.M.; Tibbitts*, T.W.; Wheeler, R.M.; Fitzpatrick, A.H. 
Effect of diurnal temperature fluctuations on growth of potato (Abstract). 
HortScience 23(3): 819, 1988. (GWU 11 169) 
Berry, W.; Hoshizaki*, T.; Ulrich, A. 
The effect of ultradian and orbital cycles on plant growth. 
In: Controlled Ecological Life Support Systems: CELSS '85 Workshop (MacElroy, R.D., Martello, N.V., 
Smernoff, D.T., Eds.). Moffett Field, CA: NASA, Ames Research Center, p. 565-576, 1986. (NASA- 
TM-88215) (GWU 91 19) 
Berry, W.L.; Koontz, H.V.; Wheeler, R.M.; Prince, R.P. (Knott, W.M. = P.I.). 
Criteria for evaluating experiments on crop production in space. 
Paper presented at the 19th Intersociety Conference on Environmental Systems, San Diego, CA, July 
24-26,1989,5 p. (SAE Paper 89-1569) (GWU 10496) 
6 
Berry, W.L.; Krizek, D.T.; Ormrod, D.P.; McFarlane, J.C.; Langhans, R.W.; Tibbitts*, T.W. 
Variation in elemental content of lettuce grown under base-line conditions in five controlled-environment 
facilities. 
Journal of the American Society for Horticultural Science 106(5): 661-666, 1981. 
Berry, W.L.; Ormrod, D.P.; Hammer, P.A.; McFarlane, J.C.; Krizek, D.T.; Langhans, R.W.; 
Tibbitts*, T.W. 
Uniformity studies with lettuce in controlled environment chambers: Results of growth and tissue analysis. 
Phytotronic Newsletter 19: 62-66, 1979. 
Brooks, C.A.; Mitchell*, C.A. 
Effect of salicylhydroxamic acid on endosperm strength and embryo growth of Lactuca sativa L. cv. 
‘Waldmann’s Green’ seeds. 
Plant Physiology 86: 826829,1988. (GWU 8667) 
Brooks, C.A.; Mitchell*, C.A. 
Sham stimulated dark germination of Waldmann’s Green lettuce (Abstract). 
Plant Physiology 75(1, Suppl.): 69, 1984. (GWU 5830) 
Brooks, C.A.; Yu, K.S.; Mitchell*, C.A. 
Salicylhydroxamic acid potentiates germination of ‘Waldmann’s Green’ lettuce seed. 
Plant Physiology 79: 386-388, 1985. (GWU 6759) 
Bubenheim*, D.L. 
The Crop Growth Research Chamber: A ground-based facility for CELSS research. 
Paper presented at the 19th Intersociety Conference on Environmental Systems, San Diego, CA, July 24- 
26,1989,12 p. (SAE Paper 89-1588) (GWU 9532) 
Bubenheim*, D.L. 
The Crop Growth Research Chamber: A ground based facility for CELSS research (Abstract). 
In: Controlled Ecological Life Support Systems, Orlando, FL, February 1989, p. 17. 
(GWU 10390) 
Bubenheim, D.L.; Bugbee, B.; Salisbury*, F.B. 
Effect of water filters on radiation in controlled environments (Abstract). 
HortScience 19(3): 557,1984. (GWU 6280) 
Bubenheim, D.L.; Bugbee, B.; Salisbury*, F.B. 
Growth and yield of wheat in photoperiods characteristic of polar and equatorial earth orbits (Abstract). 
HortScience 22(5): 1063, 1987. (GWU 11139) 
Bubenheim, D.L.; Bugbee,B.; Salisbury*, F.B. 
Influence of a roof applied water layer on radiation, cooling requirements, and CO, enrichment efficiency in 
a greenhouse (Abstract). 
HortScience 20(3): 557, 1985. (GWU 11 162) 
Bubenheim*, D.L.; Bugbee*, B.; Salisbury*, F.B. 
Low-irradiance blue-light induced lignin synthesis in wheat (Abstract). 
Pfant Physiology 89(4, Suppl.): 22, 1989. (GWU 11013) 
Bubenheim*, D.L.; Bugbee, B.; Salisbury*, F.B. 
Radiation in controlled environments: Influence of lamp type and filter material. 
Journal of the American Society of Horticultural Science 113(3): 468-474, 1988. (GWU 8841) 
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Bubenheim, D.L.; Dreschel, T.W.; Mitchell*, C.A. 
Comparison of plant growth in a tubular membrane hydroponic system with that in conventional 
hydroponic culture (Abstract). 
HortScience 22(5): 1051, 1987. (GWU 10991) 
Bubenheim, D.L.; Mitchell*, C.A. 
Cowpea harvest strategies and yield efficiency for space food production (Abstract). 
HortScience 23(3): 762, 1988. (GWU 11144) 
Bubenheim, D.L.; Mitchell*, C.A. 
Evaluation of new candidate crop species for CELSS (Abstract). 
In: Space Life Sciences Symposium: Three Decades of Life Science Research in Space, Washington, DC, 
June 21-26, 1987, p. 27. (GWU 10020) 
Bubenheim, D.L.; Salisbury*, F.B. 
Photoperiod sensitivity of wheat (Abstract). 
Plant Physiology 77(4, Suppl.): 110, 1985. (GWU 8510) 
Bugbee*, B. 
Carbon use efficiency in optimal environments. 
Paper presented at the 19th Intersociety Conference on Environmental Systems, San Diego, CA, July 
24-26, 1989,6 p. (SAE Paper 89-1572) ( G W  10497) 
Bugbee, B. (Salisbury, F.B. = P.I.) 
Design and maintenance of recirculating hydroponic systems (Abstract). 
HortScience 22(5): 1053, 1987. (GWU 11 138) 
Bugbee*, B. 
Exploring the limits of crop productivity: A model to evaluate progress (Abstract). 
In: Controlled Ecological Life Support Systems, Orlando, FL, February 1989, p. 9. (GWU 10396) 
Bugbee, B. (Salisbury, F.B. = P.I.) 
Photosynthetic efficiency of wheat in a 24-hour photoperiod: Effect of diurnal dark periods (Abstract). 
Plant Physiology 86(4, Suppl.): 7, 1988. (GWU 11 156) 
Bugbee, B. (Salisbury, F.B. = P.I.) 
When does CO, enrichment become toxic to plants? (Abstract) 
HortScience 20(3): 549, 1985. (GWU 11159) 
Bugbee, B.; Bubenheim, D.L.; Salisbury*, F.B. 
Temperature/photoperiod effects on reproductive development in a long-day plant (wheat) (Abstract). 
Plant Physiology 80(4, Suppl.): 3, 1986. (GWU 8767) 
Bugbee, B.; Guerra, D.; Salisbury*, F. 
A simple, effective modification for increasing radiation in controlled environments (Abstract). 
HortScience 18(4): 574, 1983. (GWU 6262) 
Bugbee, B.; Salisbury*, F. 
Evaluation of pH buffering agents for nutrient solution studies (Abstract). 
Plant Physiology 72(1, Suppl.): 5, 1983. (GWU 4473) 
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Bugbee, B.; Salisbury*, F.B. 
Exploring the limits of crop productivity: Photosynthetic and carbon partitioning efficiency in an 
optimizing environment (Abstract). 
Plant Physiology 83(4, Suppl.): 62, 1987. (GWU 8838) 
Bugbee, B.; Salisbury*, F.B. 
Food production in simulated microgravity (Abstract). 
Plant Physiology 77(4, Suppl.): 104, 1985. (GWU 8513) 
Bugbee, B.; Salisbury*, F.B. 
Iron nutrition of wheat in solution culture (Abstract). 
HortScience 17(3): 514, 1982. (GWU 4761) 
Bugbee, B.; Salisbury*, F.B. 
Physiological and genetic studies on wheat for the controlled environments of space (Abstract). 
In: Space Life Sciences Symposium: Three Decades of Life Science Research in Space, Washington, DC, 
June 21-26,1987, p. 246-248. (GWU 8839) 
Bugbee, B.; Salisbury*, F.B. 
The role of phasic environmental control in lunar food production efficiency: Architectural implications 
(Abstract). 
In: Symposium on Lunar Bases and Space Activities in the 21st Century, Houston, TX, April 5-7, 1988, 
p. 38. (GWU 10501) 
Bugbee, B.; Salisbury*, F.B. 
Wheat production in the controlled environments of space. 
UtahScience 46: 145-151,1985. (GWU 9110) 
Bugbee, B.; White, J.W. (Salisbury, F.B. = P.I.) 
Tomato growth as affected by root-zone temperature and the addition of giberellic acid and kinetin to 
nutrient solutions. 
Journal of the American Society for Horticultural Science 109: 121-125, 1984. (GWU 11 171) 
Bugbee*, B.G.; Salisbury*, F.B. 
Controlled environment crop production: Hydroponic vs. lunar regolith. 
In: Lunar Base Agriculture: Soils for Plant Growth (Ming, D.W., Henninger, D.L., Eds.). Madison, WI: 
American Society of Agronomy, p. 107-129,1989. (GWU 11032) 
Bugbee*, B.G.; Salisbury*, F.B. 
Current and potential productivity of wheat for CELSS (Abstract). 
In: Abstracts, Twenty-Seventh Plenary Meeting of the Committee on Space Research, ESP, Finland, 
July 18-29, 1988, p. 390. (GWU 10198) 
Bugbee*, B.G.; Salisbury*, F.B. 
Current and potential productivity of wheat for a controlled environment life support system. 
Advances in Space Research 9(8): 5-15, 1989. 
Bugbee, B.G.; Salisbury*, F.B. 
An evaluation of MES [2(N-morpholino)-ethanesulfonic acid] and amberlite IRC-50 as pH buffers for 
nutrient solution studies. 
Journal of Plant Nutrition 8(7): 567-583, 1985. (GWU 8399) 
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Bugbee, B.G.; Salisbury*, F.B. 
Exploring the limits of crop productivity: Photosynthetic and carbon partitioning efficiency in optimizing 
environments for a CELSS (Abstract). 
ASGSB Bulletin 1: 30-31, 1988. (GWU 8837) 
Bugbee, B.G.; Salisbury*, F.B. 
Exploring the limits of crop productivity. I. Photosynthetic efficiency of wheat in high irradiance 
environments. 
Plant Physiology 88: 869-878, 1988. (GWU 10247) 
Bugbee, B.G.; Salisbury*, F.B. 
Studies on maximum yield of wheat for the controlled environments of space. 
In: Controlled Ecological Life Support Systems: CELSS '85 Workshop (MacElroy, R.D., Martello, N.V., 
Smernoff, D.T., Eds.). Moffett Field, C A  NASA, Ames Research Center, p. 447-485, 1986. (NASA- 
TM-88215) (GWU 6835) 
Bula, R.J.; Corey, R.B.; Volkweiss, S.J.; Tibbitts*, T.W. 
Concepts for a commercial space-based plant growth unit (Abstract). 
In: Space Life Sciences Symposium: Three Decades of Life Science Research in Space, Washington, DC, 
June 21-26, 1987, p. 9-11. (GWU 10015) 
Bula, R.J.; Morrow, R.C.; Tibbitts*, T.W. 
Technology for subsystems of space-based plant growth facilities (Abstract). 
In: Controlled Ecological Life Support Systems, Orlando, FL, February 1989, p. 21. (GWU 10395) 
Campbell*, W.F. 
Interactive effects of temperature and humidity on onion pollen germination and pollen tube growth 
(Abstract). 
HortScience 17(1): 26, 1982. (GWU 5210) 
Campbell*, W.F.; Wagenet, R.J.; Rodriquez, R.R. 
Fertility, salinity and water management interactions on yield components and nitrogen fixation in 
Phaseolus L. (Abstract). 
HortScience 17(3): 479, 1982. (GWU 4762) 
Carman, J.G.; Campbell, W.F.; Jefferson, N.E.; Whitesides, S.K.; Bugbee, B.; Hashim, Z.N. 
(Salisbury, F.B. = P.I.) 
Optimizing nutrient, phytohormone and gas concentrations for mass propagation of wheat through somatic 
embryogenesis (Abstract). 
In: Space Life Sciences Symposium: Three Decades of Life Science Research in Space, Washington, DC, 
June 21-26,1987, p. 248-250. (GWU 10009) 
Carman, J.G.; Hess, J.R.; Bugbee*, B. 
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ASGSB Bulletin 3(1): 63, 1989. (GWU 11041) 
Chungcharoen, A.; von Elbe, J.H.; Wheeler, R.M.; Tibbitts*, T.W. 
Glycoalkaloids of potato tubers grown under controlled environments (Abstract). 
American Potato Journal 64: 432-433, 1987. (GWU 8989) 
Coe, L.L.; Mitchell*, C.A. 
Ability of chemical growth promoters to negate mechanical stress effects on dark grown pea seedlings 
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ASGSB Bulletin 3(1): 63, 1989. (GWU 11040) 
10 
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Plant Physiology 89(4, Suppl.): 104, 1989. (GWU 11011) 
Collier, G.F.; Tibbitts*, T.W. 
Effects of relative humidity and root temperature on calcium concentration and tipburn development in 
lettuce. 
Journal of the American Society for Horticultural Science 109(2): 128-131, 1984. (GWU 6242) 
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Effects of NaCl on metabolic heat evolution rates by barley roots. 
Plant Physiology 90(1): 53-58, 1989. (GWU 10439) 
Criddle, R.S.; Ward, M.R.; Huffaker*, R.C. 
Nitrogen uptake by wheat seedlings, interactive effects of four nitrogen sources: NO,-, NO,, "4'7 and 
Plant Physiology 86(1): 166-175, 1988. (GWU 8610) 
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In: Space Life Sciences Symposium: Three Decades of Life Science Research in Space, Washington, DC, 
June 21-26,1987, p. 11-12. (GWU 10016) 
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Dreschel, T.W.; Prince, R.P.; Hinkle, C.R.; Knott*, W.M., 111. 
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